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mm&] mmm 

FSrn- Fi-3&«e#}£-£t?DNAit * fctt-tft£:A>f :/U *W 
£ DNAil & # n * y -f Kjg^tt^ftlC* A L T $7&£t£&ffi£« Sr«ifiT*§l U 

[0001] 

Ait fc<fctf. i©DNA«&;ftn^7>f Fjg£tt£*K:#AU £ i* s r i: ic 

[0 0 0 2] 

*Df;>fK (carotenoid) fcfc, JSUR«#40©>f V ^ 1/ b & 

U=f- J 4 Ftf#lBL l^^c$*lTV>S [Key to Carotenoids. Basel • Boston, Bir 
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khauser, 1987. (Pfander, B. ed.) #H] „ ;fta^y>>f ^fn-f W 

v ^ i/ y m*$Lis&.m& k <fc »j , tFD#>>^f;i/W u ;i/-coA (hmg-coa) 
ttu ^^D>i^it, C5<z)>r y^-r-rji/tra u (ipp) ics&isft, ipp 
fcmttft£J£KJ:ys>*^/i'7y;i/fcfny>» (dmapp) ic^mstiSo £Mc 
. dmapp li, C5tf>iPPi:jii#c, JdS-^-rs^iiJcj:*;, ciooy^— ;i/tfn u >^ 
(gpp) , ci5tf>7 7;i/*^;i/fc?a y >^ (fpp) , C20(z>>y^— ;i/bf □ u 
>^ (ggpp) £^e>^e>ic, ^f{i$:$:5o^5o^tfbTv^cE>-e&£ (01) . 

[0 0 0 3] 

^jn^y^f K£-£f£MJ&&. GGPPlcfcVNT-T y^l^>«2|s:^^S&*^^i^ 
fS„ -T^fct., 2^©GGPP^-^LT, *#J£>:2jn^/ A Kt*feS*lfe©7 
-f M> (phytoene) tf&f&£tlZ> 0 7 J h fcl&lZ J: »J V ( 

lycopene) JcSgfftStU $£IC, U 3^>li^b^jSlC«j; *J /3 -^J (/S-ca 
rotene) {C^£*l£ 0 fit, j8 -5b □ > IC*^^^ if*^A$ tl 

, i£73f-tf>^> (zeaxanthin) ^T^. # 3f+f >^ > (astaxanthin) 1&E<DM 

[0 0 04] 

«i£> *t*»f&£#3fe-&Jft»fa Erwinia uredovora © # P ^ J A K 

, a sticky. *mm* #«ft^©«*«ic. 7* hxx 

) : [Misawa, N., Nakagawa, M. , Kobayashi, K. , Yamano, S., Izawa, Y. , Na 
karaura, K. , Harashima K. , "Elucidation of the Erwinia uredovora caroteno 
id biosynthetic pathway by functional analysis of gene products expresse 
d in Escherichia coli". J. Bacteriol., 172, p. 6704-6712, 1990, Mis 
awa, N. , Yamano, S. , Ikenaga, H. , "Production of £ -carotene in Zymomona 
s mobi 1 is and Agrobacter ium tumef aciens by introduction of the biosynthe 
sis genes from Erwinia uredovora" . Appl. Environ. Microbiol., 57, p. 1847 
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-1849, 1991 , 7k.Z$. Yamano, S., Ishii, T. , Nakagawa, M. , Ikenaga, B. , Mi 
sawa, N., "Metabolic engineering for production of $ -carotene and lycop 
ene in Saccharomyces cerevisiae " . Biosci. Biotech. Biochem. , 58, p. 1112- 
1114, 1994 , ##l!ll#e>K:<fcS#fm«4ffl¥3-58786#&» (#B^2- 

. uredovora (DjjU?-;^ K^^at^SPKl J: »J FPPj&* e> * n ^ y >f K&£7a 

>f K©£»©3£KT&SflDT% *n^y>f Kfc^f*T-£fcv^tt£fcn?*u FPPte 

^LT^£„ IfetfoT, fcfcAtf. FPPfr£> j8-# 4 
-3©crt3tfi^, crtE, crtB, crtl, crtY&#A"r £ ZOmAZtlt^ 



©#iSJCi:y, Agrobacterinm aurantiacttm ®^Df;-f KMI 

-e^l^&^MKl^n- — £*l&©3te^£-h3B©Er. uredovoratf)* 

^ y ZL&f&m&VMm J fB36E35«8^«f t^«Ji*»^»M ©MP. 175-180 , 1994 
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■5 <fc ? LT£|V\ Er. uredovora -frAg. aurantiacum (DijU^J 

>f K£-£f&it^-<Z>#AlCj: U> -£-tf>£illi!&£ <blC_tlffc»k ^*n^y-f 

T-yZ&I&Tg&ffll&mz. Ag. aurantiacum g) crtW £crtZit^^£#AU US 
[0 0 0 5] 

m^#©5c»Wfc=b^LT^-5o LfrL&#e>, flff^wtctt, wh&<d$&b& 

[0 0 0 6] 
[0 0 0 7] 
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[0 0 0 8] 

mfc^-zstimmziju? ; <i Fm.£.fflL£.mzmxL. mmz-^zz. tizzy 

m*. Er . uredovora fr jtj p ^ J <4 Fl^/&*tte^£^<5:*:©®& 

SiPP>f v*r7-i?£n- Ki-sat^^tt, # >i££$t£^-e&£P 
haff ia r hodoz yma -fo Haema tococcus pluvial is & <j#£> 4"lfc„ 
[0 0 0 9] 

IC J: £ DNAiRtiTgBtC^i-.* © T* $> 2> . 

(1) *D^^>f K©£M*fc*tl*2i*r.64#tt«:^U 75;iE^HIW(C 
SB^fJ## 1 IC^LfeSBM^W-t^JKU^^"^ F&n- F"3-£l£»@B#J£^tJDNA 

(2) #n^y^ F<Z>£M*&^*2it3#e£^L. 7 ^ J MBJUtf^BWlC 
gH^J##2lC^bfe@B^JS:^-tS/i<U^y5 1 F&n- Fi-&l&»Ii2?!I£^tfDNA 

[0 0 10] 

(3) _hffi (1) ~ (2) <DV^*^lC!2«<Z>DNA^£;ftn^y >f FM£tt£*»»C# 



f 
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(4) t^j mmmtfmnmzmFm^ 3 izBht^mmzm-t z>&v k& 

[0 0 1 1] 

rfl&*©Sfl5j <Z>^T*i¥L<S&^£<fce>lC, #3fe^±^g Erwinia uredov 
ora <fc t>*jg#jjfflg Agrobacter ium aurantiacum & U^- J 4 K£-£-/&ifr£^ 

^R»fcipp>f v*^-i?"e»&sKy K-rsat-e^sr^tr) « 

u^jj F<Dm£.mizffizf-Dfr&\,\ e ^ia> ipp-t v*^-i?jtfe^£#Ai-5 
©±^<7)^ ^^icpppco^a^itx-sziiiiccfc 

#fB9!li, IPPfr^DMAPP. DMAPPfr £ I PP^©^*®^^ SMITHS 

IPP>fV*^-if. IPP>T y^^-if fc*BISItt«:3rr<&#>^**&=J- 
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ISLT^So Er. uredovora g) Jj p T J >f K£-£5E^<2>fli;g EC J: U g - 

# D^>£i§*£^-5;*:fi§|lr$:fi!3E£: l/T» Phaffia rhodozyma . Baematococcus p 
luvialis &£(Z>cDNA#&^>f y^U-£f£igU /3 □ ^>^**^in*r 5 £ 

KSr4>*fLfeJlS*, Saccharomyces cerevisiae©IPP 
■Y V ;* 9 - if £ IK v % ffi H ft £ ^ "T 5 IHE^ # # & i" S i £: £ Ji v * £ h fc © T* & £ 

3Hi##LT^fc#, IPP>f V*^-i?K:o^T«:-?-©J:3fc«#ti:»K, IPP-f 
V*9— t?&n- Sitter Sr^A-tS^iilc J: ^jn^y-r K©£S*# 

[0 0 12] 

Xftmi*. tin*; A Ktf>£M*£m*£i±£*H4£WLT^Ty 

^^C<fcSDNA^tt, frfgE(l)(2)lCS3^£*l<5DNA@|, £ fcte^-*l£> £ X h U 
[0 0 13] 

#!#-5§l(04. 5TffcU~B), @g^rj##2 (06, 7 T*ttC~D) IC^ L tcMPl^M^ 
S%0t'$)S o ^DISHIC^T, 3ft£(DDNA^lC £oT3- K^tlS^U ^ 

£frlc@g#J## 1. SB^J##2lc^LfeIB^IS:^-^^j Ziiii^fJ&LTV^ 
o ifflii©^l#g©75;t (Met) ^^bt^StiO^ift 
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KSrn- K-T-5*|g^DNA^tt. @B#J#-J§- 1. 2 (04, 5, 6, 7) 

[0014] 

•ft^-o^S <£ *J %Haematococcus pluvial is £ fc& Phaff ia rhodozyma i£. }£(D cDN A 

9 >f ^ ^ u - £ ^mmr-ftm u z:©^ y -a^ i^x#©MT*^ffl 

[0 0 15] 

±M©<fce>^*^^DNA^S:, a^«s*n^y>f K^iWa Erwin 
iz uredovora CD^j Df;>f K^'^^*'fe : f-S¥S:^^^:J©ffi, Zymomonas mob is ) 
^*nf ;>f KS^ff: (££x.f£, Erwinia uredovora g)^ p ^ J F£-» 
fig itfe^gf £ & Sacchar omyces cerevisiae ) & £f©$t£4&JC#A-f -5 Z. £ iZ «£ 
y, ^n^y >f K-g*€:i!r*3*S£fc#T?£<&. 
[0 0 16] 

yMfflSnTV^t,©*:^^ ^©#&&V%L#& (££;U;£, "Vectors for c 
loning genes", Methods in Enzymology, 216, p. 469-631, 1992, Academic Pre 
ss, J3<i:U^ "Other bacterial systems", Methods in Enzymology, 204, p. 305 
-636, 1991, Academic Press izm VT^M-tfrlt <fc 
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[0 0 17] 

<*mm> 

Sambrook, J., Fritsch, E. F. , Maniatis, T. , "Molecular cloning-A labora 
tory manual." Cold Spring Harbor Laboratory Press, 1989 „ jS.f£bWi"£ 

<DK&mte*<D&m*1%mz1£^Xft&&J:^tf m&V> "Molecula 

r cloning -A laboratory manual." , fctjLlt. pUC^-^pBluescr ipt ^ 

o mm&m*. \*c<Dzfu=£-9-m*m-?z>jtmmm'<>? *- pspoRn^fciip 

Bluescript II KS^fl^T, lacg)^n ^E- # -CpjfS^g) V - Fx;i/- fe^frS 
^jJfiJJCU Haematococcus pluvialis , Phaf f i a rhodozyma, Saccharomyces cerevi 
siaeODIPP^T V* ^--fefitfc^-fcffli AU ^tie>a)*^$:^®®T^^$-ti:fc 



[0 0 18] 

## Saccharomyces cerevisiae ^©^tefUtte^tf^A^WU U^-^A^&i? 

J£i2>#- fU#fB0 0 ^«T*<Z)*tefc*^<Z>2&3m, PGK^GPD^O^P^E-^ 
*-#-£MV^, 30) >f n ^E- # - £ # - ^ *- 

ZKZ>3g3§E;*7-fey S. cerevisiae <DK>7$-^ YRp^ (BM^fe 

&<DkRsmnzmmi&&£-* z&mm-? #-) , ye p ^ (^#©2 

/11 DNA©^^&^0^«fl§v;i/^=Itf-K^^-) , YIp^ (^©O^S^SS 
, tS&Zf* Yamano, S. , Ishii, T. , Nakagawa, M. , Ikenaga, H. , Misawa, N. , 
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"Metabolic engineering for production of £ -carotene and lycopene in Sac 
charomyce s cerevisiae ". Biosci. Biotech. Biochem. , 58, P. 1112-1114, 199 
4 o 

[0 0 19] 
<C Zymomonas mob i 1 i s> 

X# J -;i/£jgjjSfflgZymomonas mobil is /\(p^5fo&fc^g>#A%&, ^ A|g 
ttBlC^ji^^-a-e^JCcfc »Jff-5ifc*«T^, Zymomonas mobi 1 is TfOfl^jj 
-fr^CD^St** fc^^-tf Zymomonas mobUisM^^ # -pZA22£ffi ^Tfio d 
T££ (WjSB, r zymomonas aflag)^^-Waj „ B ^^Sffc^fS, 63, p.l 
016-1018, 1989, «fc tJ^, Misawa, N., Yamano, S. , Ikenaga, H. , "Production 

of j8 -carotene in Zymomonas mobi lis and Agrobacter ium tumefaciens by in 
troduction of the biosynthesis genes from Erwinia uredovora". Appl. Envi 
ron. Microbiol., 57, p. 1847-1849, 1991#flg) 0 

[0 0 2 0] 

wife l t=.. m&m^<DK$:m.fc*<Dm>Ai$& u^<d £«>©^Ssfc ^ l#^c 

77^^^ny>i (fpp) WDf;>fhW&<, -fex3r^;i/^> 
So -awe, *n^y>r K&-£j**e£fcv\*,©T?%, fM;>f Ktt 

L/T^Sli-TTfeSo — #3fe^fifcfflg Enrinia uredovora g)^ □ ^ y >f K-p 
rfta-g^tt. FPPfcg^fcLT, ya^>, /3-#n^>, i£T*-tf->^>&£? 
©^M^jn^y-r K£^J&£i±£z:£#«Jfg^&y, jg#$fflg Agrobacterium 
aurantiacum OD^jn^y >f K^J&jfte^SPi: - fC<fc y. 
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* *f"&£>*3, jUgfr Saccharomyces cerevisiae „ :n# J — ;i/^fegj%Bjg Zyiiionionas m 
obi lis &£tC Erwinia uredovora g> cr t jftfc^gf £ # A L . 3*1 £<DfK£W. 

"t"T?lCvtfSbT V><£> [Yamano, S. , Ishii, T., Nakagawa, M. , Ikenaga, H. , Mi 
sawa, N. , "Metabolic engineering for production of /3 -carotene and lycop 
ene in Saccharomyces cerevisiae ". Biosci. Biotech. Biochem. , 58, P. 1112 
-1114, 1994, Misawa, N., Yamano, S., Ikenaga, H. , "Production of /S -caro 
tene in Zymomonas mobi 1 is and Agrobacter ium tumef aciens by introduction 
of the biosynthesis genes from Erwinia uredovora". Appl. Environ. Micro 
biol., 57, p. 1847-1849, 1991. #389!# h fC J: 5#fFffi0#^3-58 

786-5§-£t$g (#®¥2-53255-^ mfflm) : U ^ J -i K©^lC^M^DNA^j ] 

o 

[0 0 2 1] 

ife^oT, Er. uredoT^&&®%n^j4 p&mmfc^m^mwmmm* 

(DHJU^-J 4 K^jSifi^ QftMfifolCkJU Ag. aurantiacus fi5R<Z);fta^ >f 

^y^-y. Mr^y^-yteZommiju?- j K££jg3-ti:£3i:#Brfg£& 

■*-©BHC, ItfxEbfe^StCcfcy. IPP-f y^—tfJUS^ (jftM^lCtt. Haema 
tococcus pluvial is , Phaff ia rhodozyma , Saccharomyces cerevisiae 

fc£?<z>lPP-f v^9— e*^) £#AU _fclB, ;^K^I^i:l^ 
[0 0 2 2] 
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(i) JM109 (pRHl) 
Wf£#-Sf : FERM BP-5032 

(ii) JM109 (pHPll) 
Wffc## : FERM BP-5031 

B : ¥^7^3^6 0 

(iii) JM109 (pSIl) 
tftff : FERM BP-5033 
^ft¥B H : ¥^7^3^6 0 

[0 0 2 3] 

#lC-g-;g:£nTV^V^-£W:, (Sambrook, J., Fritsch, E. F. , 

Maniatis, T. , "Molecular cloning -A laboratory manual." Cold Spring Har 

bor Laboratory Press, 1989) {Cl|-3V^ 
[0 0 2 4] 

y?> & ^r-9->^- >^^## Phaff i a rhojtozyma&, American Type Culture Col 
lection : ATCCIC^SS^^T V^ATCC 24230#fc£;§ V^^ 0 Ph. rhodozyma £ig# 
tS^tbt, YMigifc (B^ai^r^ 0.3%, Sfc^JC^f*. 0.3%, A? 

h> 0.5%, 1%) SrfflV^fco T ^ ^ » > ^ > jg£ jjf ^ Haematoc 

occus pluvial is &, MEB^A • AH3JIW1£7 tf — ( Global Environm 

ental Forum )tCg#£*lT^5 NIES-144 V^fco Ha. pluvial is £jg#j- 

5«ii:bT, g^ife 0.2%, iith'J^A 0.12%, L-T 

*rt^3r> 0.04%, l&ftV^**/?^ - AtK^W 0.02%, & • -b* 

5|» 0.001%, • ZlTKSftl* 0.002%) 20^C, I2f&mm 

(20 /iE/«2 • s)/12«rlffl«p^#T"e*&4H|!B«Hlbfc. * fe. Ha. pluvialis© 
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^ • ^yfcfO^&S$Si§^450 itiMlC^S<ke>lCinx., 20r, 125 a* 

E/m2 • s7?j^l2^F^^#Lfeo Hg%^## Saccharomyces cerevisiaeli. Yeast G 
enetic Stock Center Klggi^tlT V^-5S288C$c5:fl§ V^„ Sa. cerevisiaefc^ 
itSMilLT, YPDigifi (ifti*^ 1%, A^h^^h> 2%, 
-X 2%) &J§V*fc. 
[0 0 2 5] 

CHJfsM 2 ) Phaffia rhodozyma ©;£RNA<Z)Mgg 

Phaff ia rhodozyma ATCC 24230#c&400 ml©YMfgifelC;fiS bT201C. &J241M 

mw%m\st=.* i&mm<Dmmi$omoo=o.4iz&^fciiz.?>x*m{b*MnL. teat 

t=. a mMLf=.mfa : &7k±T*MMV&&.. 6 ml©ANEA y~7 7 — (10 mM MH" h 
U tfA. 100 mM JStffc-f-MJ 1 mM EDTA :pH 6.0) ^M^MML. is^T# 

ffi-fc * T?2f 9 in 3SIC600 /ii©io% sds£6 ai©65T: iCM&fc 

> B#£®#L£o Sfi*T3d¥-<^aiLT1500X« % 10#I8U ^fi^ 

aMWfrJBLfc. Jt«£#mbT^*<Z)7:ny-;v£#n;*., 2»;i/f'y^xS: 
ffv\ isooxg, io#RU £iBT?384>#«Lfc. ^T^fttf^^y-;!/ : *n 
D^;i/iA (1:1). #nn*;bA&Mv^THJL©iftf£&fTofctk #iffiLfc_bJi 

tC10#©l*©3 M h U ^A^3^4©31^ y -/l/&flll;fc, -20X3©^** 

T30^ISH^^Lfc. 15000 Xg, 154Mffl. 4TCT?384>U 70%X# y -;i/T* U > 
XL. ffiiiLfcfk 200 a l©$£ffi*U:^§?L£t>©$:Ph. rhodozyma p^RNAjg 

[0 0 2 6] 

[HfSM3) Haematococcus pluvial is ©^RNA©^S^ 

Haematococcus pluvial is NIES-144 |ft&800 ml <Dg$Lig j&lZj&M bT20t;. 
3fcSlK20 *tE/m2-s, WHTiM * ;i/12^p|^^/12^^^TT*^4 0 fS3 
#*U *^T»Bft&***«i£45 mM. • -b*?P«f Sr«J»««450 /£ M 

<fce)tC*DA> 201C. 3tKffil25^E/ni2- sT?»&12l$B8«§ILfe. «f**3^& 
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$&5Mfc0)®#K£MC3 mltf)ISOGEN-LS [(tfc) -ytfyp-y] *UUZ-> ^UXS 

iiSt'M^c. 12000Xg, 15#fS, 4T}T*^i>#iiLTJLS£#IffiU 
2 ml©>r y^a/W-;i/$:*tI^.T10^^ ^M^StS^, 12000Xg, 10:&fS, 4 

ml©TEj^©?S (10 mMhV^-HCl pH8.0, 1 mM EDTA) IZ%&M b tz. %<K> £Ha. pluvi 
alis(p-£RNAjgjg£ bfc 0 3(Z>S§SS&T*4.1 mg<D-£RNA## £>;ft£ 0 
[0 0 2 7] 

CHSSM4] Phaffia rhodozyma &ff Haematococcus pluvial is g)cDNA^§^^^ 

^y-©ftnR 

yf-U rf^^^X-dT30^-7\°- [SM^TO] fcM^TPhaffia rhodozymaS.tJ 5 
Haematococcus pluvial is CD&^RNAI&l mg^^TKU A+RNASr-^tl^tlWMbfeo 
WjR^Stt, »#©J8ift3W!«©«ffl#i5SK:fi£ofe. r^^^T-Ph. rhodozyma 
"Trtt, 26 Ha. pluvial is T^ 14 tig<D-#V A+mRNA£¥flgL£:o 

cDNAtf>f£§gtt, X-A-^ U 7MM:/^X^ K^X-^A (GIBC0 BRL*±) £ 

/j\ y A+mRNA £: M V V fffl Rg^fiiNot I Oggftgefll £ 15mers(£) ^- y zldTfr £ &£-£j&DN 
A&y^-fV-i: bT^^^SUPERSCRIPT RTT'fflli^DNAS:-^ U gs^TEs 
cherichia. coli DNA U if, E.coli DNA itfy;*^ — if, E.coli DNA RNase 
H&«^T2#S|cDNA£lir/£Lfc^, MRg^Sall© y - &T4 DNA y#-1f 
T^S-B:, ft^iCcDNA©_t^^^SalIgp^ y Aff>T3isffNotI 
SJ:e»iC^igL^o «^cffr&£fa^T, £cDNA0)-tf->f XfrMZft W 0.7 
kb~3.5 kb<Z)®Htf>#B£ft«>£o 3 0D#®<3DcDNAi:cDNA3g3|/<* * -pSPORT I 
Notl-Sall-Cut i: £_t3f y MC&**lTV^9>f 5/9 77- (50 mM 

Nyx-HCl pH 7.6, 10m M MgClg, 1 mM ATP, 1 mM DTT, 5% PEG 8000)&tFr4 
DNA y iS-H&m^X^Jtf-i/ayLtc.o 3COcDNA|g^^^^-pSP0RT 
Sail gp&c&Ji^lC.lacyfn^-* *®®ft7?cDNA£fl!3g£-e:£r 
T^5^^^-T'fe5„ 7£lC^>f ^->>3>LfcDNA?£M£:£T^c>T, Molecul 
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ar Cloning 2nd edition : Cold Spring Harbor Laboratory ,1.21-1.41 (1989) 

<d15 mz&^T mm l r^mm ( e. coio DH5a©n>tr^>h-fe;b©^^ 

&*ft-ofc 0 Ph. rhodozymaT?JMj20^M, Ha. pluvial is T*$J47jflg>7£g&i£j% 
##£>*l> ZLtl5> Sr^T^&fe^, Molecular Cloning 2nd edition : Cold Spr 
ing Harbor Laboratory ,1.21-1.41 (1989) (D^&lCfifeV^ zf^T*^ KDNAfcgg 
misfco ^t<D^m. #^0.9 mg, 0.6 mgOD^X^ KDNA##£>*U Zltl&^tl 
^tlPj}. rhodozyjra&tfHa. pluvial is g)cDNAg§3|E^>f U — £ bfc, 
[0 0 2 8] 

Erwinia uredovora pcrtZ &>ft<Dj]U3-J4 F-&f&m.te^-Wt$:li~$r Zzf^ * ^ 
KPCAR16 [Misawa, N. , Nakagawa, M. , Kobayashi, K. , Yamano, S., Izawa, Y. 
, Nakamura, K. , Harashima, K. , "Elucidation of the Erwinia uredovora car 
otenoid biosynthetic pathway by functional analysis of gene products exp 
ressed in Escherichia coli ." Journal of Bacteriology, 172, p. 6704-6712,1 
990, RZ$*&m%; e> IC J: £#ff ffi^#^3-58786#^# (#0¥2-53255-^^ 
mm) : T^n^-y >f K(3D^lC^M^DNA^j ] ©BstEII Mffc, Klenow^iggL 
3, y^f-^iS€rff"5ii:K:j:y, crtXjjfc^fc? U- Hc«fc yg;?£g 
0-#n^:/g£tCi&H&crtE, crtB, crtl, crtYjjfc^- (02) ^ 
t?6.0 kb AspTisqpnD-EcoRi^T.Hr^^jy mbfco ^©ErtfS::*:!! S^*#-P 
ACYC184g)EcoRVgpfe{C#A U B #7 £ "? Z> >^ X ^ K (pACCAR16 AcrtX£ifr£, 
010) ZL£>pACCAR16AcrtX£/t-r£:*:J©Sta, ^n7A7x^n-;i/f 

[0 0 2 9] 

#UC, y^^^ KpCAR16©BstEII/SnaBlM'fb, KlenowMUM, VM-URR 
Zft O ifctCJ: U> crtX£crtYafc^£-g-t?2.26 kb BstEII-SnaBI $T#£3ty 
Bfc^fcf^ U 3^>g£tC&M&crtE, crtB , crtl^^ (E2) £-£t?3.75 k 
b Asp718 (Kpn I ) -EcoR I ffi ft £ V ffi I , ZICD^T^ fe^HKif # -pACYC184 
©EcoRV &S&IC#AU B»ilt5^7X$K (pACCRT-EIB£nfr£r, 010) 
fc D r©pACCRT-EIB§:^-r-5^:MSli> 9 U^A? ^ — n-frm&ZmL. t^D 
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U n^y&tic.MXsXfe&O&M'&m'S' (Cunningham Jr, F. X. , Chamovitz, D. , 
Misawa, N. , Gatt, E. , Hirschberf, J., "Cloning and functional express io 

n in Escherichia col i of a cyanobacterial gene for lycopene cyclase, the 
enzyme that catalyzes the biosynthesis of /3 -carotene". FEBS Lett., 3 

28, 130-138, 1993) „ 
[0 0 3 0] 

-7^*^ KpCAR16g>BstEII/Eco52IftHfc, Klenow#3R^3S. VX-HR 
foZfto Z-£.IZ£ -y, crtX, crtY, crtl j&fc^£-g-tf3.7 kb BstEII-Eco52IffT 
^■&3t»;i»V^fc|fe, 7<f hx>jg£tC&I^fccrtE, crtBjftfe^- (H2) Sr*tf2. 
3 kb As P 718 (Kpn I ) -EcoR I »f>t fc >J ffi b fe „ £ ©^rtf STCAMS"*? * -pACYC 
184(PEcoRV 3B&&C£PAL> S^hi-S^^X^ K (pACCRT-EB£ift£, H10) & 
f#£o ZKDpACCRT-EB&^-r^^cMStt. ^5^7113-^^1^ 
, 7-f h a: fiWtCttgtffcliJkV* (Linden, H. , Misawa, N. , Ch 

amovitz, D. , Pecker, I., Hirschberg, J., Sandmann, G. , "Functional compl 
ementation in Escherichia col i of different phytoene desaturase genes an 
d analysis of accumulated carotenes". Z. Naturforsch. , 46c, 1045-1051, 
1991) o 
[0 0 3 1] 

±IHy^X ^ KpACCAR16 AcrtX&#*#t-S*JMJM101# )3-Anf > L 
tt^<4SI £ £#JJ@ LT, 3 g) ^jj C Phaf f ia rhodozym a £ f- fc Haematoco 
ecus pluvial is g>cDNA^5>r 7*5 U -^iAt§I^T% J: *; 3t&<Z>&il#}g 
<^ofe^K«^**^t)tlS^ife)^©^S:^o^o £i\ Molecular Clon 
ing 2nd edition : Cold Spring Harbor Laboratory, 1.21-1.41 (1989) 
*m\f\ pACCAR16AcrtX&&^i-£*JMJM101<Z):2>kf-5*-> h ir ;i/ £ flsjg U 
. 103>lff>ht;p 1 mllC^fLTPh. rhodozym a J: ffHa. pluvial i 

s(Z)cDNA#&3!5-f 7~5U -fc^-lOOng-Tofc^AU ^*l^4x^2077M;J3cfctfjj$4 
7jMtf>7£^©&#&, 150/£g/ml©T>l^^U 30 n/nl©^D7A7i-n 
-;K 1 mMtfMPTGfc^-taBT'U- h (1%A* h h U 7° h 0.5%ifxdr^, 
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1% NaCl, 1.5%^30 ItCiKriiiCfcS^^'J-^^^^fTtV ftfi<Z>tfc<fc *J 
M&©&gg#S§V^£Ph. rhodozyma -g5^. Ha. pluvial is T-lO^, fitSi 
£#T*£fc 0 Zlti^©***^^*^ KDNA£&mbTlffll»i^9^£?To£:^ 
#*<Z>5#fc, 10t5fcii, -^^^^4^^3i©DNA||T>^$:^•^T*V^S^^^t>^ofe. 
ZL*\,?>tf)cDNAfg3§!^-f ^ U -iCft^S^X^ Ktf>5*>, Ph. rhodoz 
ymafi5f^©y^^$ K©lo$rpRHl (011) , Ha. pluvial is ftjfeff):/^;* ^ 
1 o$:pHPli:^i&b, ££lCpHPl£SalI iiNotl T*MftTcDNA»Tttg|S#£Jfc *J ffi 
U pBluescriptll KS+ICM A£%GD SrpHPll (Ell) £ifr;&U 3. *l £ tf> ^ X 

[0 0 3 2] 

zf'yT.^ KpRHl, pHPlJCov*T#T©#JET?a*©S3©fc^£#^&^b--5' 
a>^x^ K©fE«&*?v\ *fte>C«:«v*TaMB#J©fc£&*fofc. pRHl 
ttEcoRI £PstI £fc&NotI£SphI T'tfrlgU pHPlttAatll £BamHI £ fcftKpnl 

iiEcoRi-c^jjpLfeft, ^ at/ -/i//*nnafc/i/A#rffl«:fTV^ :n# y -;W£Jg 

ICJ: yDNA&IBJteUfe. ^*l-?*l(Z>DNA 5:100 /£ la>ExoIII/ty 7 7 — (50 mM Tri 
s-HCl, 100 mM NaCl, 5 mM MgClg, 10 mM 2-;* ~7 h X # J - pH 8.0) iC 
tgjBU 180nnvy ^©ExoIIls* U7-1?&SDitT37lC-efiHBl,&. 30#r£ 
IC10 # lSr^^^U >^lt, 10 i!tI©BBA>y7 7- (40 mM NaCl, 2 mM ZnClg 

, io%^u-fen-;i/> pH 4.5) ©A-3fcj9c_h©^3.-^jc#ufe. -fr>:/y 
*7«, #e>*l£10:2|s:(Z>?-cx-^£65'C, 10#ra«fiLT#3i«:$c?S3itfcffc, 
53.— y h(Z)V>^tf->5?^ l/T--^5:SDx.T37r;T*30^^MLfe o 3 e>iC % 

*l-rn^^©eS*^«i*DNAWf^rS:igjRLfc 0 0J&UfeDNAttKlenoi»#J||K:J: 'J 

life. #"b*i,fcg*<z>* n-^Jco^T^*^ 7^7>f K;W 

[0 0 3 3] 



1 7 
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-eODj^m. pRHlOPhaffia rhodozymaft3fccDNA«1099i&g*f (bp) 0>&g®2#J 

**e>3Qty (u#i##4) , 25ir^ j mth i-?.* K£n- k-t**-- 

^> • U— r-f 7l/-A##4t4ii:^ofe (®4~5{Cfctt«5Afr 

*bBlC>&f-/&) o pHPl g) Haematococcus pluvialisfi5f$cDNAlil074 bpCDJ&3SlB#J;fr» 
£>&>j (SB^J##5) . 259T* y^A^^^S/KU^^ K£n- K-TS^-y 
> • y~5*-f -7 l/-A##&-t£z:£:#;fofro£: (06—7 lc;fctt£Cfr£> 

#J£Gene BanktCTffi^ffiSr^^bfc^^ Ph. rhodozyma fcj: tEHa. pluvialis 

(DT^jmmmt. n^n^. tti^eti. z<dt$. smmm-tf-t-eizm&znT 

y\<5 Saccharomyces cerevisiae <Z)IPP>f V * ^ — if jfife^- (Anderson, M. S. , Mu 
ehlbacher, M. , Street, I. P., Profitt, J., Poulter, C. D., "Isopentenyl 
diphosphate: dimethylal lyl diphosphate isomerase -an improved purificati 
on of the enzyme and isolation of the gene from Saccharomyces cerevisiae 
J. Biol. Chem., 264, P. 19169-19175, 1989 #flg) £27.0%33 £#£520.3 

p>f yt^—emte^-v&z n mfe-zntc* 

[0 0 3 4] 

CHJHsM 8 ] Saccharomyces cerevisiae g)^DNA<£>jjtgSg 

Saccharomyces cerevisiae <D-£Mk(DMWk\&. Methods in Yeast Genetics; a 
laboratory course manual : Cold Spring Harbor Laboratory, pl31-132 (1990 
) iZm£frtt&"Z£A-F<Dmzfi^>ft 0 Sa. cerevisiae S288C&10 ml(Z)YPD^fl& 

tc*t»u -m. 3owmmLt=. a mmht^m^mmv. 0.5 momm^-em 
misxm&Lti. urn. m^^m t mhx±m^ i )m^. 0.2 mi<D2% Triton x- 

100, 1% SDS, 100 mM NaCl.10 mM Tris-Cl (pH 8),1 mM EDTAi:0.2 taKDy^J 
— ;i/ : ^nn3jx;i/A : >f Vr ^;i/7;V=l-M25:24:l)£0.3g<Z>;#^;*h?-;£$: 
flu*, 3~4#|^ ijOl/^y *>UC7!M:rfc^ 0.2 mltf)TE buffer (10mM Tris-Cl(pH 
8), 1 mM EDTA)$:iDA^o 5#|ffl»'&#«L.fctfe, _tJg£i£LTl ml<Z)X#y- 
;i/$:*n^. 2#im©^i>#il£fi i ofco #e>*lfc*fcl»&0.4 ml (DTE buff 

erlC?£^U 2/i lCDlOmg/mlODRNase AS:i0^T^e>, 5^^371ClCScSbfeo 
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lC10/il©4 N MMry^ — ml<D3i# S -JVZMZ., <k<ti-^L/^^ 2 

#IS^&LT8M/£tI!JKl/fco *fc««&Sft!Ufc«L 50 A 1©TE buffered 
$j?LTSa. cerevisiae S288Ctf)±DNA£ b£„ 3.4,cig<Z>:£DNA##£> 

[0 0 3 5] 

IMMfflS} PCR&lC J: 5 Saccharomyces cerevisiae g)IPP>f y j* ^ — -^jfife^- 

frrMtf):£i£ (Anderson, M. S. , Muehlbacher, M. , Street, I. P., Profitt, 
J., Poulter, C. D. , "Isopentenyl diphosphate: dimethylal lyl diphosphate 
isomer ase -an improved purification of the enzyme and isolation of the g 
ene from Saccharomyces cerevisiae". J. Biol. Chem. , 264, P. 19169-19175, 
1989 ) ICff&StlTV^Sa. cerevisiae g) IPP>f y * =y - if ^te3-V>MMM9\ 

7* ^ >f ^ - No . 1 5' -TCGATGGGGGTTGCCTTTCTTTTTCGG-3' 
^7^T- No . 2 5' -CGCGTTGTTATAGCATTCTATGAATTTGCC-3' 
[0 0 3 6] 

PCRT'ltillg-rSIPP-f y*^-1fm^©±M*^#TaqI g|S&, Tiftfll** 
ffAccIl3PffitC&S «fc Z> > bfc, PCR&, 200ng<Z)Sa. cerevisiae^ DN A i: 

PfuDNAjtfU (STRATAGENE)S:^oT30-b->f PCRT*#e>;ftfc 

IPP^y*^-ifM^£*©ffiftT*3S^£i*££»&C, Taql £ AccIT'MS U 

#-pBluescriptII KS+ OClal gp&^Smal gP&lCffALfc,, Z.CDzf^T.K 
F£pSIl£ifr£,ly£ (Mil) . CI(Z)Sa. cerjevisi^ft3fcDNA&±1058bp(Z)j&S@e?U 
3^e>3fe*J (@B^J##6) , 288T^^;fr£>&£IPP-f y*^-1f£=i- Kt5l 
^•##&bT^£ (H8~9JCfcWSE*ve>FJC>ttiS) o 
[0 0 3 7] 

CUSSMlO] IPP-f y ;* 9 - if itte^ AfC «tS';=i / 03£j§Hltf)*tfJI 

pSPORTl, Phaffia rhodozym ag>IPP^ \S * ^ -mAte^ZStiZf 1 ? X 
FpRHU Haematococcus pluvial is gHPPW y ^ ^ — l£Mfe^'%:'£ttzf ; 57> ^ K 
pHPll, fc^tf, Saccharomyces cerevisiae g)IPP>f y ;* 
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KpSIl (011) ^ft^fr. pACCRT-EIB (010) Z&tiV 3 
SJM101 (J^^ L:i:iBSftlTit) ICtAl, 150 Mg/ml©T> tf U > (A 
p) , 30 (tg/ml<D2 U*71±-7zsl — 3 — ;i/ (Cm) „ 1 mM0)IPTG£■g•t?LB'^ , I/- h_h 
lC"7b--rW >**U 28-CT*-^#S:fTofeo ^tf)*^ 3g^<Z)IPP>f y * 

y^SJ&no— -fe^jabTv^fe. rtu*. ipp-t y^^-ifit^©^A 
, fjstau, FPP£-e©_t«&<z>ft«- (hi#d jgiftfi5icFPP©« 

S&tc, iPP>f y*^--l£Stte^£-££&v^> hn-;i/J:Uit3«^;W<£ 
PPa*©JK^ (fefcitti, FPP-*>GGPP*g^*://t*«) ict,-h#», 

i^JCJfcofcfeft^ttsQiV^il^SClil^^e- 
LO 0 3 8] 

iPP-f y ^ ^— ea^dF ©#Atc £3 y n*>£j£*©*tr*H:S &K:*#«* 
ICfc td T fctlfe. 5 mlCDAp, CB&^tfLBftfifi^, 28^C, — 

fet>CD3^e>, -€"©2 ml £200 mlcDAp, Cm, 0.1 mMtfHPTGfc^^YTigife (1.6% A 
*hhyy*h>, l%^#X^p^, 0.5%NaCl) T?281C, 230 rpm TfiatWilSrff 

ofc= gc^nar^ics mio'^if >yy >^*s:^v\ £W3&K£y =3*>3-*<z>ai 
>^*ttJ^T©<fce>icuT#«)^. -r^t)^, ai^ntjcj: yiiwifi&Jiift. 2.5 

MKft&fTofcfiL 474 nnrfDIftfl&lS&iJlJSU U3^>1 "M, 1 cnrfe/l/fefc »J ©Ift 
3feK#185.0£UTy 3^>^*©J»£fTofc. #3fc3fe£fHi, JASCO UVIDEC- 
220B&jav*fc Q Zltl ^{C y 3^>?:4il/Tfe y , 474 nmtf)PR 

3fefln*y a'OJCjBBLTV* HPLCJCfc y«»bfe. i©&#tt, |g£6 

ffiUHCasStlTV**. 012 (£Wffii&§0 . 013 (U3^>41M) IZ 

(012) jcfc^Ttt, iPP-f ^--^ae^ V% 3 > 
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lot, ipp-t y*^-ifit'fc^-£'g-£&VM3> hn-^ic^T*;, *JM© 

£WiC&g^FPPft3fcC)jg|/&# FPP^>GGPP^^>/\°^©) 

£^t&, ipp^rv^^-if*'e^s:-^*^v>zi> •ft6©ipp^rv^^ 

-1?»^£^fr3#fc£&, *£&M#H£*ifc 0 IPP-T V^^-ifa^S:^ 
tf3#Mi, ^#cf, Sic, n> ha-;v<fc y, m^M^V ziKz/^^MA^i^ 

t=.<Di)K mu°V$>2>o IPP-f y*^-if»£^£-£tf 3#ctt, IPP-f V^^-ifit 
te^&^&V^:/ hn-;i/(5D3.6~4.5^(Z)^^4$:^L/fco pHPHS:^ 

[0 0 3 9] 

CHJg^fii] iPP-f y * 9 - -feltfc^Alc <fc & /3 n ^ 

*<9 Z — pSPORTl 33 <fc tft Phaf f i a rhodozyma g) IPP>f y * ^ — -If Stte^-fc^try* 
v*^KpRHl£, ftifft, P ACCAR16AcrtX (010) ?:^tf jS-*Df 
©SJMlOl (Jt^. /S ril^B&'fbLT^-r) lC#AL,£:%tf>&5 mltf>Ap, Cm£-g-tf 
LBigifi^ — BfclgHig^LfctxZ)^, ^Ol mlfclOO ml©Ap, Cm, 0.1 

mM(3DIPTGS:^tf2YT^T*28r, 230 rpmT% 28f$53, |gM*&*£*To£„ 3t4># 
ICJ:y, rtie>^e.fi&I«), 0.85% NaC IT' iftofc^, 40 mKDT-fe 

454 nm©nR3t^$:?Hg^b> P-iJU^y 1 mM, 1 cm-fe;i/^>fe y ©®3tlS3^134.4 
ilbt|3-*nf^l0^I?:ftofc. ^©^S:014lC^bfeo pRHlfc^-fr 
/3-^n^>^^MS^> f£**i g&fcy709 i*g©js-;*ja^>££jSiU d 

titt, ipp-t y*^-if3t-£^£-^£&v^:/ hn-;KDi.5^(Z)fii%:^Lfe 0 

[0 0 4 0] 

£gLTfcy. 454 nm©l&^tej8-;fcn^>lC^ai,TV'>"5Z:i: HPLC&CJ: 
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yStfgLfco -?&t>*>. *7Ailbt, J Arty PER 6fi C18 (3.9X300 mm) 
(90/6/4) T*JglH£*TVV 7 * h #W K7 l/>fttffi»996 («7 

[0 0 4 1 ] 

C2£8!5«i2) iPP-f y*^-if*tfc^#Alcj;£y>f hx>^»©Jf* 

pSPORTl, Phaff ia rhodozyma ©IPP^ V * ^-if jfifc^fe-g-fr 
^ KpRHU Haematococctts pluviasl is ©IPP>f y ;* y -If jfrfK^fe-g-fr ^ 

KpHPllfc. -ttl-Ttl, pACCRT-EB (010) S:-&tf7-r hx>M£A^SJM 
101 P:i:MffcUt*t) lC#AUfc%©&5 ml©Ap, Cm&^tfLBJ&ifi 

■C, 28"C, — b &%©#*€>> ml 5:100 ml©Ap, Cm, 0.1 mM©IP 

TG&'&fr2YT*StfaT?28'C, 230 rpm"e, 288$ |SU SSft«§IS:ff ofc. »4>#flK:J: 
»J> i*l&3^bBI#**ft, 0.85% NaCllfSiofctfe, 40 ml©r-fe h >KHH»L 

, 30#l8lifclSLfc. £©RU Bf#T, sJOio^^fcfrttfc. ttSSLfctfe, n-# 
y — xAsKi/-*-K:J:6*g««, 40 ml(D;frfa;n-^;i/£j!KT*:frie£fi 1 vv x 
-^;i/M©286nm©l&) l 6^£iB!l3tU ~? 4 M> 1 "M, 1 ca-fe/b&fc *J ©IR3&K 
AUl.2^LT7>f hx>^Iffl^i^ftofc„ £Jfc09llJCja*UfcHPLC&fT 
ofclg*, 286nm©lft3fe|g©70%#y>r h x> KgE"* £ 3 h #fc>**o fc©T?, 
±ffi©j£*H©70%£"7-r *g*&H14K:^bfc. IPP-fy^ 

9— ^afte^&^tf 7>f ipp>f y^^— eaters:***! 

VM2> hn->ll/©1.7~2.1^ffi4il$:^lfe 0 
[0 04 2] 

Sk±<DmffiMiz.&>). ipp>f y*^-if*t^-©^Aicj: y, i3-*nf x y 
tf. HlgHC. ffc^ifS-rsziilSr^Lfec dtltt, ipp-t y*^-if*fr£^©s 

a, ^tc<ky. Fpp*-e©_fcafc©«» mi mm) #*<&y, eswKiFPP© 
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[0 0 4 3] 

SB#J## : 1 
@B#I<Z>;S£ : 251 

h#UV- : MR 
K#ia>«JB : K 

Met Ser Met Pro Asn He Val Pro Pro Ala Glu Val Arg Thr Glu Gly 

5 10 15 

Leu Ser Leu Glu Glu Tyr Asp Glu Glu Gin Val Arg Leu Met Glu Glu 

20 25 30 

Arg Cys lie Leu Val Asn Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser 

35 40 45 

Lys Lys Thr Cys His Leu Met Ser Asn He Asn Ala Pro Lys Asp Leu 

50 55 60 

Leu His Arg Ala Phe Ser Val Phe Leu Phe Arg Pro Ser Asp Gly Ala 
65 70 75 80 

Leu Leu Leu Gin Arg Arg Ala Asp Glu Lys He Thr Phe Pro Gly Met 

85 90 95 

Trp Thr Asn Thr Cys Cys Ser His Pro Leu Ser lie Lys Gly Glu Val 

100 105 110 

Glu Glu Glu Asn Gin lie Gly Val Arg Arg Ala Ala Ser Arg Lys Leu 

115 120 125 

Glu His Glu Leu Gly Val Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe 
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130 135 140 

Thr Tyr Leu Thr Arg He His Tyr Leu Ala Pro Ser Asp Gly Leu Trp 
145 150 155 160 

Gly Glu His Glu He Asp Tyr He Leu Phe Ser Thr Thr Pro Thr Glu 

165 170 175 

His Thr Gly Asn Pro Asn Glu Val Ser Asp Thr Arg Tyr Val Thr Lys 

180 185 190 

Pro Glu Leu Gin Ala Met Phe Glu Asp Glu Ser Asn Ser Phe Thr Pro 

195 200 205 

Trp Phe Lys Leu He Ala Arg Asp Phe Leu Phe Gly Trp Trp Asp Gin 

210 215 220 

Leu Leu Ala Arg Arg Asn Glu Lys Gly Glu Val Asp Ala Lys Ser Leu 
225 230 235 240 

Glu Asp Leu Ser Asp Asn Lys Val Trp Lys Met *** 
245 250 

[0 0 4 4] 

m^m^r : 2 

BB#I©.S3 : 259 

Met Gin Leu Leu Ala Glu Asp Arg Thr Asp His Met Arg Gly Ala Ser 

5 10 15 

Thr Trp Ala Gly Gly Gin Ser Gin Asp Glu Leu Met Leu Lys Asp Glu 

20 25 30 

Cys He Leu Val Asp Ala Asp Asp Asn He Thr Gly His Val Ser Lys 
35 40 45 
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Leu Glu Cys His Lys Phe Leu Pro His Gin Pro Ala Gly Leu Leu His 

50 55 60 

Arg Ala Phe Ser Val Phe Leu Phe Asp Asp Gin Gly Arg Leu Leu Leu 
65 70 75 80 

Gin Gin Arg Ala Arg Ser Lys He Thr Phe Pro Ser Val Trp Thr Asn 

85 90 95 

Thr Cys Cys Ser His Pro Leu His Gly Gin Thr Pro Asp Glu Val Asp 

100 105 110 

Gin Leu Ser Gin Val Ala Asp Gly Thr Val Pro Gly Ala Lys Ala Ala 

115 120 125 

Ala He Arg Lys Leu Glu His Glu Leu Gly He Pro Ala His Gin Leu 

130 135 140 

Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg Leu His Tyr Cys Ala Ala 
145 150 155 160 

Asp Val Gin Pro Ala Ala Thr Gin Ser Ala Leu Trp Gly Glu His Glu 

165 170 175 

Met Asp Tyr He Leu Phe He Arg Ala Asn Val Thr Leu Ala Pro Asn 

180 185 190 

Pro Asp Glu Val Asp Glu Val Arg Tyr Val Thr Gin Glu Glu Leu Arg 

195 200 205 

Gin Met Met Gin Pro Asp Asn Gly Leu Gin Trp Ser Pro Trp Phe Arg 

210 215 220 

He He Ala Ala Arg Phe Leu Glu Arg Trp Trp Ala Asp Leu Asp Ala 
225 230 235 240 

Ala Leu Asn Thr Asp Lys His Glu Asp Trp Gly Thr Val His His He 
245 250 255 

Asn Glu Ala *** 

[0 0 4 5] 
IE#J#-^ : 3 
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m&}<D-&Z : 288 

mwmm : k 

Met Thr Ala Asp Asn Asn Ser Met Pro His Gly Ala Val Ser Ser Tyr 

5 10 15 

Ala Lys Leu Val Gin Asn Gin Thr Pro Glu Asp He Leu Glu Glu Phe 

20 25 30 

Pro Glu He He Pro Leu Gin Gin Arg Pro Asn Thr Arg Ser Ser Glu 

35 40 45 

Thr Ser Asn Asp Glu Ser Gly Glu Thr Cys Phe Ser Gly His Asp Glu 

50 55 60 

Glu Gin He Lys Leu Met Asn Glu Asn Cys He Val Leu Asp Trp Asp 
65 70 75 80 

Asp Asn Ala He Gly Ala Gly Thr Lys Lys Val Cys His Leu Met Glu 

85 90 95 

Asn He Glu Lys Gly Leu Leu His Arg Ala Phe Ser Val Phe He Phe 

100 105 110 

Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu Lys He 

115 120 125 

Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser His Pro Leu Cys 

130 135 140 

He Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys lie Lys 
145 150 155 160 

Gly Ala He Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly lie 

165 170 175 

Pro Glu Asp Glu Thr Lys Thr Arg Gly Lys Phe His Phe Leu Asn Arg 
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180 185 190 

lie His Tyr Met Ala Pro Ser Asn Glu Pro Trp Gly Glu His Glu lie 

195 200 205 

Asp Tyr He Leu Phe Tyr Lys He Asn Ala Lys Glu. Asn Leu Thr Val 

210 215 220 

Asn Pro Asn Val Asn Glu Val Arg Asp Phe Lys Trp Val Ser Pro Asn 
225 230 235 240 

Asp Leu Lys Thr Met Phe Ala Asp Pro Ser Tyr Lys Phe Thr Pro Trp 

245 250 255 

Phe Lys lie He Cys Glu Asn Tyr Leu Phe Asn Trp Trp Glu Gin Leu 

260 265 270 

Asp Asp Leu Ser Glu Val Glu Asn Asp Arg Gin He His Arg Met Leu 
275 280 285 

*** 

[0 0 4 6] 
SJ#I## : 4 
@B#Itf>;S£ : 1099 

mmom : mm 

M&MDUM : cDNA 

' Phaff ia rhodozyma 
: ATCC 24230 

mmz&tm^ : cds 

#3E&g : 99. . 851 
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CCCACGCGTC CGCACATCTC GCATATATCA CTTTCCTCCT TCCAGAACAA GTTCTGAGTC 60 

AACCGAAAAG AAAGAAGGCA GAGGAAAATA TATTCTAG ATG TCC ATG CCC AAC ATT 116 

Met Ser Met Pro Asn He 

5 

GTT CCC CCC GCC GAG GTC CGA ACC GAA GGA CTC AGT TTA GAA GAG TAC 164 
Val Pro Pro Ala Glu Val Arg Thr Glu Gly Leu Ser Leu Glu Glu Tyr 

10 15 20 

GAT GAG GAG CAG GTC AGG CTG ATG GAG GAG CGA TGT ATT CTT GTT AAC 212 
Asp Glu Glu Gin Val Arg Leu Met Glu Glu Arg Cys He Leu Val Asn 

25 30 35 

CCG GAC GAT GTG GCC TAT GGA GAG GCT TCG AAA AAG ACC TGC CAC TTG 260 
Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser Lys Lys Thr Cys His Leu 

40 45 50 

ATG TCC AAC ATC AAC GCG CCC AAG GAC CTC CTC CAC CGA GCA TTC TCC 308 
Met Ser Asn lie Asn Ala Pro Lys Asp Leu Leu His Arg Ala Phe Ser 
55 60 65 70 

GTG TTT CTC TTC CGC CCA TCG GAC GGA GCA CTC CTG CTT CAG CGA AGA 356 
Val Phe Leu Phe Arg Pro Ser Asp Gly Ala Leu Leu Leu Gin Arg Arg 

75 80 85 

GCG GAC GAG AAG ATT ACG TTC CCT GGA ATG TGG ACC AAC ACG TGT TGC 404 
Ala Asp Glu Lys He Thr Phe Pro Gly Met Trp Thr Asn Thr Cys Cys 

90 95 100 

AGT CAT CCT TTG AGC ATC AAG GGC GAG GTT GAA GAG GAG AAC CAG ATC 452 
Ser His Pro Leu Ser lie Lys Gly Glu Val Glu Glu Glu Asn Gin lie 

105 110 115 

GGT GTT CGA CGA GCT GCG TCC CGA AAG TTG GAG CAC GAG CTT GGC GTG 500 
Gly Val Arg Arg Ala Ala Ser Arg Lys Leu Glu His Glu Leu Gly Val 

2 8 ffifE#¥ 10-3097583 
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120 125 130 

CCT ACA TCG TCG ACT CCG CCC GAC TCG TTC ACC TAC CTC ACT AGG ATA 548 
Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe Thr Tyr Leu Thr Arg He 
135 140 145 150 

CAT TAC CTC GCT CCG AGT GAC GGA CTC TGG GGA GAA CAC GAG ATC GAC 596 
His Tyr Leu Ala Pro Ser Asp Gly Leu Trp Gly Glu His Glu lie Asp 

155 160 165 

TAC ATT CTC TTC TCA ACC ACA CCT ACA GAA CAC ACT GGA AAC CCT AAC 644 
Tyr He Leu Phe Ser Thr Thr Pro Thr Glu His Thr Gly Asn Pro Asn 

170 175 180 

GAA GTC TCT GAC ACT CGA TAT GTC ACC AAG CCC GAG CTC CAG GCG ATG 692 
Glu Val Ser Asp Thr Arg Tyr Val Thr Lys Pro Glu Leu Gin Ala Met 

185 190 195 

TTT GAG GAC GAG TCT AAC TCA TTT ACC CCT TGG TTC AAG TTG ATT GCC 740 
Phe Glu Asp Glu Ser Asn Ser Phe Thr Pro Trp Phe Lys Leu He Ala 

200 205 210 

CGA GAC TTC CTG TTT GGC TGG TGG GAT CAA CTT CTC GCC AGA CGA AAT 788 
Arg Asp Phe Leu Phe Gly Trp Trp Asp Gin Leu Leu Ala Arg Arg Asn 
215 220 225 230 

GAA AAG GGT GAG GTC GAT GCC AAA TCG TTG GAG GAT CTC TCG GAC AAC 836 
Glu Lys Gly Glu Val Asp Ala Lys Ser Leu Glu Asp Leu Ser Asp Asn 

235 240 245 

AAA GTC TGG AAG ATG TAGTCGACC CTTCTTTCTG TACAGTCATC TCAGTTCGCC 890 
Lys Val Trp Lys Met *** 
250 

TGTTGGTTGC TTGCTTCTTG CTCTTCTTTC TATATATCTT TTTTCTTGCC TGGGTAGACT 950 
TGATCTTTCT ACATAGCATA CGCATACATA CATAAACTCT ATTTCTTGTT CTTTATCTCT 1010 
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CTTCTAAGGG AATCTTCAAG ATCAATTTCT TTTTGGGCTA CAACATTTCA GATCAATGTT 1070 

GCTTTTCAGA CTACAAAAAA AAAAAAAAA 1099 

[0 0 4 7] 
@E#J## : 5 
mm<Dg>£ : 1074 

mm<om : mm 

ffl&KDUM : cDNA 

*Qfy&%x : Haematococcus pluvial is 
: NIES-144 

n&wizm-tm^ : cds 

: 145 . . 921 

ATCGCTACTT GGAACCTGGC CCGGCGGCAG TCCGATGACG CGATGCTTCG TTCGTTGCTC 60 

AGAGGCCTCA CGCATTTCCC CCGCGTGAAC TCCGCGCAGC AGCCCAGCTG TGCACACGCG 120 

CGACTCCAGT TTAGGCCCAG AAGC ATG CAG CTG CTT GCC GAG GAC CGC ACA GAC 179 

Met Gin Leu Leu Ala Glu Asp Arg Thr Asp 

5 10 
CAT ATG AGG GGT GCA AGT ACC TGG GCA GGC GGG CAG TCG CAG GAT GAG 222 
His Met Arg Gly Ala Ser Thr Trp Ala Gly Gly Gin Ser Gin Asp Glu 
15 20 25 
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CTG ATG CTG 
Leu Met Leu 

ACA GGC CAT 
Thr Gly His 
45 

CCT GCA GGC 
Pro Ala Gly 
60 

CAG GGG CGA 
Gin Gly Arg 
75 

CCC AGT GTG 
Pro Ser Val 

ACC CCA GAT 
Thr Pro Asp 

CCT GGC GCA 
Pro Gly Ala 
125 

ATA CCA GCG 
He Pro Ala 

140 
TTG CAC TAC 
Leu His Tyr 
155 

CTC TGG GGC 
Leu Trp Gly 



AAG GAC 
Lys Asp 

30 
GTC AGC 
Val Ser 

CTG CTG 
Leu Leu 

CTG CTG 
Leu Leu 

TGG ACC 
Trp Thr 

95 

GAG GTG 
Glu Val 
110 

AAG GCT 
Lys Ala 

CAC CAG 
His Gin 

TGC GCC 
Cys Ala 

GAG CAC 
Glu His 



GAG TGC 
Glu Cys 

AAG CTG 
Lys Leu 

CAC CGG 
His Arg 
65 

CTG CAA 
Leu Gin 

80 
AAC ACC 
Asn Thr 

GAC CAA 
Asp Gin 

GCT GCC 
Ala Ala 

CTG CCG 
Leu Pro 
145 
GCG GAC 
Ala Asp 
160 

GAA ATG 
Glu Met 



ATC TTG GTG 
He Leu Val 
35 

GAG TGC CAC 
Glu Cys His 
50 

GCC TTC TCT 
Ala Phe Ser 

CAG CGT GCA 
Gin Arg Ala 

TGC TGC AGC 
Cys Cys Ser 
100 

CTA AGC CAG 
Leu Ser Gin 

115 
ATC CGC AAG 
He Arg Lys 
130 

GCC AGC GCG 
Ala Ser Ala 

GTG CAG CCG 
Val Gin Pro 

GAC TAC ATC 
Asp Tyr He 



GAT GCT 
Asp Ala 

AAG TTC 
Lys Phe 

GTA TTC 
Val Phe 
70 

CGA TCA 
Arg Ser 

85 
CAC CCT 
His Pro 

GTG GCC 
Val Ala 

TTG GAG 
Leu Glu 

TTT CGC 
Phe Arg 
150 
GCT GCG 
Ala Ala 
165 

TTA TTC 
Leu Phe 



GAC GAC AAC ATT 
Asp Asp Asn He 
40 

CTA CCA CAT CAG 
Leu Pro His Gin 
55 

CTG TTT GAC GAC 
Leu Phe Asp Asp 



270 



AAA ATC 
Lys He 

CTA CAT 
Leu His 

GAC GGC 
Asp Gly 
120 
CAC GAG 
His Glu 
135 

TTC CTC 
Phe Leu 



ACA TTC 
Thr Phe 
90 

GGG CAG 
Gly Gin 
105 

ACA GTA 
Thr Val 

CTG GGG 
Leu Gly 

ACG CGT 
Thr Arg 



ACA CAA TCA GCA 
Thr Gin Ser Ala 
170 

ATC CGG GCC AAC 
He Arg Ala Asn 



318 



366 



414 



462 



510 



558 



606 



654 



702 
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175 180 185 

GTC ACC CTT GCG CCC AAC CCT GAC GAG GTG GAC GAA GTC AGG TAC GTG 750 
Val Thr Leu Ala Pro Asn Pro Asp Glu Val Asp Glu Val Arg Tyr Val 

190 195 200 

ACG CAG GAG GAG CTG CGG CAG ATG ATG CAG CCG GAC AAT GGG TTG CAA 798 
Thr Gin Glu Glu Leu Arg Gin Met Met Gin Pro Asp Asn Gly Leu Gin 

205 210 215 

TGG TCG CCG TGG TTT CGC ATC ATC GCC GCG CGC TTC CTT GAG CGC TGG 846 
Trp Ser Pro Trp Phe Arg lie He Ala Ala Arg Phe Leu Glu Arg Trp 

220 225 230 

TGG GCT GAC CTA GAC GCG GCC CTG AAC ACT GAC AAA CAC GAG GAT TGG 894 
Trp Ala Asp Leu Asp Ala Ala Leu Asn Thr Asp Lys His Glu Asp Trp 
235 240 245 250 

GGA ACG GTG CAT CAC ATC AAC GAA GCG TGA AAACAG AAGCTGTAGG 940 
Gly Thr Val His His lie Asn Glu Ala *** 
255 

ATGTCAAGAC ACGTCATGAG GGGGCTTGGC ATCTTGGCGG CTTCGTATCT CTTTTTACTG 1000 

AGACTGAACC TGCAGCTGGA GACAATGGTG AGCCCAATTC AACTTTCCGC TGCACTGGAA 1060 

AAAAAAAAAA AAAA 1074 

[0 0 4 8] 
@B^J## : 6 
@H#I<Z);ft£ : 1058 

mfkdm : mm 
m®m : 

KJ#J <£>8tlS : genome DNA 
MM. 
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: Saccahromyces cerevisiae 
ffig, : S288C 

ftWiZm-tm^ : CDS 

: 187 . . 1050 

TCGATGGGGG TTGCCTTTCT TTTTCGGTCT TAACTCCATT TATATTTATT TATTCATTTT 60 

TATCTATTTA ACAGGAAACA GTTTTCTAGT GACAAGAAGG CGTATATCCC ACTTAATTCA 120 

ATATTAGAGT ATTCGTATTT GGAATACAGG AAGAGTAAAA ATAAGCCAAA AATTCATTAC 180 

ACCTCA ATG ACT GCC GAC AAC AAT AGT ATG CCC CAT GGT GCA GTA TCT AGT 231 
Met Thr Ala Asp Asn Asn Ser Met Pro His Gly Ala Val Ser Ser 

5 10 15 

TAC GCC AAA TTA GTG CAA AAC CAA ACA CCT GAA GAC ATT TTG GAA GAG 279 

Tyr Ala Lys Leu Val Gin Asn Gin Thr Pro Glu Asp lie Leu Glu Glu 

20 25 30 

TTT CCT GAA ATT ATT CCA TTA CAA CAA AGA CCT AAT ACC CGA TCT AGT 327 

Phe Pro Glu He He Pro Leu Gin Gin Arg Pro Asn Thr Arg Ser Ser 

35 40 45 

GAG ACG TCA AAT GAC GAA AGC GGA GAA ACA TGT TTT TCT GGT CAT GAT 375 

Glu Thr Ser Asn Asp Glu Ser Gly Glu Thr Cys Phe Ser Gly His Asp 

50 55 60 

GAG GAG CAA ATT AAG TTA ATG AAT GAA AAT TGT ATT GTT TTG GAT TGG 423 

Glu Glu Gin He Lys Leu Met Asn Glu Asn Cys He Val Leu Asp Trp 
65 70 75 
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GAC GAT AAT GCT ATT GGT GCC GGT ACC AAG AAA GTT TGT CAT TTA ATG 471 
Asp Asp Asn Ala He Gly Ala Gly Thr Lys Lys Val Cys His Leu Met 
80 85 90 95 

GAA AAT ATT GAA AAG GGT TTA CTA CAT CGT GCA TTC TCC GTC TTT ATT 519 
Glu Asn lie Glu Lys Gly Leu Leu His Arg Ala Phe Ser Val Phe He 

100 105 110 

TTC AAT GAA CAA GGT GAA TTA CTT TTA CAA CAA AGA GCC ACT GAA AAA 567 
Phe Asn Glu Gin Gly Glu Leu Leu Leu Gin Gin Arg Ala Thr Glu Lys 

115 120 125 

ATA ACT TTC CCT GAT CTT TGG ACT AAC ACA TGC TGC TCT CAT CCA CTA 615 
He Thr Phe Pro Asp Leu Trp Thr Asn Thr Cys Cys Ser His Pro Leu 

130 135 140 

TGT ATT GAT GAC GAA TTA GGT TTG AAG GGT AAG CTA GAC GAT AAG ATT 663 
Cys He Asp Asp Glu Leu Gly Leu Lys Gly Lys Leu Asp Asp Lys He 

145 150 155 

AAG GGC GCT ATT ACT GCG GCG GTG AGA AAA CTA GAT CAT GAA TTA GGT 711 
Lys Gly Ala lie Thr Ala Ala Val Arg Lys Leu Asp His Glu Leu Gly 
160 165 170 175 

ATT CCA GAA GAT GAA ACT AAG ACA AGG GGT AAG TTT CAC TTT TTA AAC 759 
lie Pro Glu Asp Glu Thr Lys Thr Arg Gly Lys Phe His Phe Leu Asn 

180 185 190 

AGA ATC CAT TAC ATG GCA CCA AGC AAT GAA CCA TGG GGT GAA CAT GAA 807 
Arg He His Tyr Met Ala Pro Ser Asn Glu Pro Trp Gly Glu His Glu 

195 200 205 

ATT GAT TAC ATC CTA TTT TAT AAG ATC AAC GCT AAA GAA AAC TTG ACT 855 
He Asp Tyr lie Leu Phe Tyr Lys He Asn Ala Lys Glu Asn Leu Thr 

210 215 220 

GTC AAC CCA AAC GTC AAT GAA GTT AGA GAC TTC AAA TGG GTT TCA CCA 903 
Val Asn Pro Asn Val Asn Glu Val Arg Asp Phe Lys Trp Val Ser Pro 
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225 230 235 

AAT GAT TTG AAA ACT ATG TTT GCT GAC CCA AGT TAC AAG TTT ACG CCT 951 
Asn Asp Leu Lys Thr Met Phe Ala Asp Pro Ser Tyr Lys Phe Thr Pro 
240 245 250 255 

TGG TTT AAG ATT ATT TGC GAG. AAT TAC TTA TTC AAC TGG TGG GAG CAA 999 
Trp Phe Lys lie lie Cys Glu Asn Tyr Leu Phe Asn Trp Trp Glu Gin 

260 265 270 

TTA GAT GAC CTT TCT GAA GTG GAA AAT GAC AGG CAA ATT CAT AGA ATG 1047 
Leu Asp Asp Leu Ser Glu Val Glu Asn Asp Arg Gin He His Arg Met 

275 280 285 

CTA TAA CAACG 1058 
Leu *** 
[0 04 9] 

u^jj Ft&m&mn (fpp) ^ttsfM;^ F^<Dm£.miz&z>£.miz 

[01] HMG-CoA^ *>FPPH V*fc £ >f V "7 V £^i"o 
[02] #Ej*fc-£-fi&£ag Erwinia uredovora g)^ p ^ J <4 F£-£fiE@i%£ :ft 

[0 3] jS#B^ Agrobacterium aurantiacum (Z);ft P^ J 4 K£-£fi£Mg& 
[04] 7>l*=fr-fr>5 1 :/jg£^g Phaffia rhodozyma QIPP^ Vl^-M 
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[0 5] 04 ©SB^KDM^^t-o 

[06] * =fr-fr>^:/M&i@^ Haematococcus pluvial is g)IPP>f y ;* 

tp\ IB-^C^bDtt, 259T^ y^e)«:S2KU^^ K&3- • 
[0 7] S6 0il?!I©it^t o 

[08] Hg%Ijrg|jg: Saccharomyces cerevisiae cDIPP^f y ;* — MMGk^f- 

£>F&, 288T ^ ;H^e.*5!K'J ^y°^ K£ 3- F"T Stf- ^> • V—T4 2/4f 
• y l/-AI:^to 

[0 9] 0 8<DBB#J<Z>ii^££^i-o 

[010] #E3fe-£fi&ifflB Erwinia uredovora g)^ J 4 K£-£EE3&fc^- £ 

[011] Phaf f ia rhodozyma „ Haematococcus pluvial is , Saccharomyce 
s cerev i s i ae g> IPP^f y ;* ^ - -tf jjfc^ £ tf ^ 9 ^ ^ K£^f 0 

[012] ij3^>ii#i*ii (LO ©^Wffia^^-To control^. I 

pp>f y*^-i?it'£^ 1 £^-£&v , '=i> hn-^/^t. 

[013] 'Jn/<>I4#g^Ii (LO ©>j3^>4III5:it. cont 
roHi % ipp^f y ^ •^-•e^^^F v mi > hn-^/^t. 

[014] fctts u (LO , is-^n^> (/SO . 7-r 

hX> (PO <D&WA*7SsS' 0 control^ IPP-f y * =y - & <^ £ 



ffiH^ 5 ? 10-3097583 



7-051234 



imm&] mm 
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FPP 



IPP 



crtE 



GGPP 



GGPP 




HO 



2 
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o 
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A 

1 9 18 27 36 45 54 

\ATG TCC ATG COC AAC ATT GTT CCC CCC GCC GAG GTC CGA ACC GAA GGA CTC AGT 
Met. Ser Met Pro Asn lie Val Pro Pro Ala Glu VaX Arg Thr Glu Gly Leu Ser 

18 

63 72 81 90 99 108 

TTA GAA GAG TAC GAT GAG GAG CAG GTC AGG CTG ATG GAG GAG CGA TGT ATT CTT 
Leu Glu Glu Tyr Asp Glu Glu Gin Val Arg Leu Met Glu Glu Arg Cys He Leu 

36 

117 126 135 144 153 162 

GTT AAC CCG GAC GAT GTG GCC TAT GGA GAG GCT TCG AAA AAG ACC TGC CAC TTG 
Val Asn Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser Lys Lys Thr Cys His Leu 

54 

171 180 189 198 207 216 

ATG TCC AAC ATC AAC GCG CCC AAG GAC CTC CTC CAC CGA GCA TTC TCC GTG TTT 
Met Ser Asn He Asn Ala Pro Lys Asp Leu Leu His Arg Ala Phe Ser Val Phe 

72 

225 234 243 252 261 270 

CTC TTC CGC CCA TCG GAC GGA GCA CTC CTG CTT CAG CGA AGA GCG GAC GAG AAG 
Leu Phe Arg Pro Ser Asp Gly Ala Leu Leu Leu Gin Arg Arg Ala Asp Glu Lys 

90 

279 288 297 306 315 324 

ATT ACG TTC CCT GGA ATG TGG ACC AAC ACG TGT TGC AGT CAT CCT TTG AGC ATC 
He Thr Phe Pro Gly Met Trp Thr Asn Thr Cys Cys Ser His Pro Leu Ser lie 

108 

333 342 351 360 369 378 

AAG GGC GAG GTT GAA GAG GAG AAC CAG ATC GGT GTT CGA CGA GCT GCG TCC CGA 
Lys Gly Glu Val Glu Glu Glu Asn Gin He Gly Val Arg Arg Ala Ala Ser Arg 

126 

387 396 405 414 423 432 

AAG TTG GAG CAC GAG CTT GGC GTG CCT ACA TCG TCG ACT CCG CCC GAC TCG TTC 
Lys Leu Glu His Glu Leu Gly Val Pro Thr Ser Ser Thr Pro Pro Asp Ser Phe 

144 

441 450 459 468 477 486 

ACC TAC CTC ACT AGG ATA CAT TAC CTC GCT CCG AGT GAC GGA CTC TGG GGA GAA 
Thr Tyr Leu Thr Arg He His Tyr Leu Ala Pro Ser Asp Gly Leu Trp Gly Glu 

162 

495 504 513 522 531 540 

CAC GAG ATC GAC TAC ATT CTC TTC TCA ACC ACA CCT ACA GAA CAC ACT GGA AAC 
His Glu He Asp Tyr He Leu Phe Ser Thr Thr Pro Thr Glu His Thr Gly Asn 

180 

549 558 567 576 585 594 

CCT AAC GAA GTC TCT GAC ACT CGA TAT GTC ACC AAG CCC GAG CTC CAG GCG ATG 
Pro Asn Glu Val Ser Asp Thr Arg Tyr Val Thr Lys Pro Glu Leu Gin Ala Met 

198 



4 
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603 612 621 

TTT GAG GAC GAG TCT AAC TCA TTT ACC 
Phe Glu Asp Glu Ser Asn Ser Phe Thr 

657 666 675 

TTC CTG TTT GGC TGG TGG GAT CAA CTT 
Phe Leu Phe Gly Trp Trp Asp Gin Leu 

711 720 729 

GTC GAT GCC AAA TCG TTG GAG GAT CTC 
Val A3p Ala Lys Sex Leu Glu Asp Leu 



630 639 646 

OCT TGG TTC AAG TTG ATT GCC CGA GAC 
Pro Trp Phe Lys Leu lie Ala Arg Asp 

216 

684 693 702 

CTC GCC AGA CGA AAT GAA AAG GGT GAG 
Leu Ala Arg Arg Asn Glu Lys Gly Glu 

234 

738 747 756 

TCG GAC AAC AAA GTC TGG AAG ATG TAG 
Ser Asp Asn Lys Val Trp Lys Metl*** 



5 
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C 

L 9 18 27 36 45 54 

CAG CTG CTT GCC GAG GAC CGC ACA GAC CAT ATG AGG GGT GCA AGT ACC TGG 
Met GXn Leu Leu Ala Glu Asp Arg Thr Asp His Met Arg Gly Ala Ser Thr Trp 

18 

63 72 81 90 99 108 

GCA GGC GGG CAG TCG CAG GAT GAG CTG ATG CTG AAG GAC GAG TGC ATC TTG GTG 
Ala Gly Gly Gin Sex Gin Asp Glu Leu Met Leu Lys Asp Glu Cys He Leu Val 

36 

117 126 135 144 153 162 

GAT GCT GAC GAC AAC ATT ACA GGC CAT GTC AGC AAG CTG GAG TGC CAC AAG TTC 
Asp Ala Asp Asp Asn lie Tor Gly His Val Ser- Lys Leu Glu Cys His Lys Phe 

54 

171 180 189 198 207 216 

CTA CCA CAT CAG CCT GCA GGC CTG CTG CAC CGG GCC TTC TCT GTA TTC CTG TTT 
Leu Pro His Gin Pro Ala Gly Leu Leu His Arg Ala Phe Ser Val Phe Leu Phe 

72 

225 234 243 252 261 270 

GAC GAC CAG GGG CGA CTG CTG CTG CAA CAG CGT GCA CGA TCA AAA ATC ACA TTC 
Asp Asp Gin Gly Arg Leu Leu Leu Gin Gin Arg Ala Arg Ser Lys lie Thr Phe 

90 

279 288 297 306 315 324 

CCC AGT GTG TGG ACC AAC ACC TGC TGC AGC CAC CCT CTA CAT GGG CAG ACC CCA 
Pro Ser Val Trp Thr Asn Thr Cys Cys Ser His Pro Leu His Gly Gin Thr Pro 

108 

333 342 351 360 369 378 

GAT GAG GTG GAC CAA CTA AGC CAG GTG GCC GAC GGC ACA GTA CCT GGC GCA AAG 
Asp Glu Val Asp Gin Leu Ser Gin Val Ala Asp Gly Thr Val Pro Gly Ala Lys 

126 

387 396 405 414 423 432 

GCT GCT GCC ATC CGC AAG TTG GAG CAC GAG CTG GGG ATA CCA GCG CAC CAG CTG 
Ala Ala Ala lie Arg Lys Leu Glu His Glu Leu Gly He Pro Ala His Gin Leu 

144 

441 450 459 468 477 486 

CCG GCC AGC GCG TTT CGC TTC CTC ACG CGT TTG CAC TAC TGC GCC GCG GAC GTG 
Pro Ala Ser Ala Phe Arg Phe Leu Thr Arg Leu His Tyr Cys Ala Ala Asp Val 

162 

495 504 513 522 531 540 

CAG CCG GCT GCG ACA CAA TCA GCA CTC TGG GGC GAG CAC GAA ATG GAC TAC ATC 
Gin Pro Ala Ala Thr Gin Ser Ala Leu Trp Gly Glu His Glu Met Asp Tyr He 

180 

549 558 567 576 585 594 

TTA TTC ATC CGG GCC AAC GTC ACC CTT GCG CCC AAC CCT GAC GAG GTG GAC GAA 
Leu Phe He Arg Ala Asn Val Thr Leu Ala Pro Asn Pro Asp Glu Val Asp Glu 

198 
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603 




612 






621 






630 






639 




648 


GTC 


AGG 


TAC 


GTG AOG 


CAG 


GAG 


GAG 


CTG 


CGG 


CAG 


ATG 


ATG 


CAG 


CCG GAC 


AAT 


GGG 


val 


Arg 


Tyr Val Thx 


Gin 


Glu 


Glu I«eu Arg Gin Met 


Met 


Gin 
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